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1. Introduction 
Heat transfer fluid (HTF) is defined as the gas or liquid which can transmit heat energy from one system to other.  One of 
the important uses of these HTF is in Concentrating Solar Power (CSP) system, where mirror or lances is used to 
concentrate sunlight from a large area and store in the HTF. Later on energy of this HTF is used to produce steam for power  
generation [1]. The limitations of currently used HTF for CSP system (i.e. lower storage capacity and lower thermal 
stability) result not only lower cycle efficiency but also higher operating cost. Therefore, it is all the more important to 
enhance the working efficiency of HTF to achieve a cost effective efficient CSP system. Nanoparticle Enhanced Ionic 
Liquids (NEILs) [2-4] based HTF is considered as a potential candidate for CSP system. NEILs, a class of nanofluids, is 
synthesized by dispersing small amount of nanoparticles in base ionic liquids (ILs). ILs are the group of salts, which consist 
of organic cations (imidazolium, pyrazolium, triazolium, thiazolium, oxazdium, pyridinium, pyridazinium, pyrimidinium, 
pyrazinium) and organic or inorganic (halogen, fluorinated) anions and are liquid at room temperature [5].  Versatility in 
synthesis and excellent thermophysical properties such as wide liquid temperature range, high heat capacity, high density, 
negligible vapor pressure, and high thermal stability have eventually established ILs as potential replacement of current 
HTF for solar collector [6-11]. However, researchers are now extensively investing how to maximize the performance of 
ILs for solar thermal system [2-4, 12-17].  
 IoNanofluid, a combination of several imidazolium and pyrrolidinium based ILs and multi wall carbon nanotubes, have 
been reported to have higher thermal conductivity and heat capacity compared to the base ILs [12, 13]. Improved 
thermophysical properties were also reported using other NEILs consisted of 1-Butyl-2,3-dimethylimidazolium 
bis{(trifluoromethyl)sulfonyl}imide ([C4mmim][NTf2]) and aluminium oxide (Al2O3) nanoparticles [2], hydrophobic and 
hydrophilic imidazolium-based ILs and silicon dioxide (SiO2) nanoparticles [14], gold nanoparticles based ILs [15-17], 
nanofluids synthesized by lithium carbonate and potassium carbonate (62:38 ratio) with SiO2 nanoparticles [18], and alkali 
chloride salt eutectic with SiO2 nanoparticles [19].  T. C. Paul et al. [3] have recently reported the ~3% enhancement of 
thermal conductivity of NEIL made with 1-butyl-3-methylimidazolium bis{(trifluoromethyl) sulfonyl}imide 
([C4mim][NTf2]) and 0.5% Al2O3 nanoparticles.  
Results from all the previous studies were encouraged the author to conduct the experimental assessment of the NEILs as 
a HTF for solar collector application. All the previous study was mainly the thermophysical property measurement of 
NEILs. There is no study on its heat transfer performance, which motivates to conduct the study. The experimental 
assessment includes thermal conductivity and heat capacity study of NEILs made with 1-butyl-3-methylimidazolium 
bis{(trifluoromethyl)sulfonyl}imide ([C4mim][NTf2]) and N-butyl-N-methylpyrrolidiniumbis{trifluoromethyl)sulfonyl} 
imide ([C4mpyrr][NTf2]) ILs and 1% Al2O3 nanoparticles. Heat transfer behavior of NEIL also presents.   
  
2. Material and synthesis of the NEIL 
     
    Al2O3 nanoparticles ( -phase) having particles size < 50nm (TEM) and surface area >40 m2/g (BET) were purchased from 
Sigma-Aldrich, USA. 99% pure [C4mim][NTf2]) and ([C4mpyrr][NTf2]) ILs having molecular weight of 419.37 g/mol and 
422.41 g/mol respectively were purchased from IoLiTec Company (Germany) Molecular formula of [C4mim][NTf2] and 
[C4mpyrr][NTf2] are C11H20F6N2O4S2 and C10H15F6N3O4S2 respectively.  
   NEILs were prepared by mixing 1% (by wt.) Al2O3 with [C4mim][NTf2] and [C4mpyrr][NTf2] as base ILs. Al2O3 
nanoparticles were dispersed into the ILs using a vortex mixture and agitated for approximately 90 min to break any 
possible agglomerated nanoparticles.   
 
3.  Results and discussion 
3.1. Enhanced thermal conductivity  
    Thermal conductivity of the base ILs and NEILs were measured using KD2 Pro thermal property analyzer (Decagon 
Device, USA). The measurements principle is based on the transient hot wire method. The meter has a probe of 60 mm 
length and 1.3 mm diameter with a heating element and a thermoresistor, which is inserted vertically into the test sample. 
The probe is connected to a microcontroller for controlling and conducting the measurements. Before taking any reading, 
the meter was calibrated with distilled water and standard glycerin. A thermal bath (Thermo NESLAB) was used to 
maintain constant temperature of the measuring sample. Temperature accuracy of the bath was within ±0.01 K.  
Normalized thermal conductivity of 1% [C4mim][NTf2] and  [C4mpyrr][NTf2] based NEILs with respect to corresponding 
thermal conductivity of base ILs as a function of temperature indicate that the thermal conductivity is enhanced by ~6% (for 
[C4mim][NTf2]) and ~5% (for [C4mpyrr][NTf2]) over the measured temperature range (Figure 1). Moreover, variation in 
thermal conductivity within the temperature range is insignificant.  The measured thermal conductivity of both NEILs were 
compared with the predicted value using Maxwell’s equation which was developed to determine the effective thermal 
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conductivity of liquid–solid suspensions for spherical particles [20]: 
 
                                                                                                                                   (1) 
 
where , ,  are the thermal conductivity of NEILs, base ILs, and Al2O3 nanoparticles respectively;  is 
the nanoparticles volume fraction.  Prediction of Maxwell’s model shows lower thermal conductivity enhancement compare 
to the experimentally measured  values (Figure 1) because Maxwell’ model only consider the volume fraction and the 
thermal conductivity of the base liquid and nanoparticles. Particle size and interfacial liquid layer may also affect the 
effective thermal conductivity. Using carbon nanotubes and gold nanoparticles with different base ILs, similar trends were 
also reported earlier [12-13, 15-16]. Hence, more extensive investigations are required to explore the exact mechanism 
behind this discrimination.  
 
 
Fig. 1. Normalized effective thermal conductivity of  NEILs as a function of temperature 
 
3.2. Enhanced heat capacity                                         
    Heat capacity of ILs and NEILs were measured using Differential Scanning Calorimetry (DSC Q2000 from TA 
instruments Inc.). The sample having average weight of 12.89 mg was placed in a standard aluminum hermetic pan covered 
with lid. Nitrogen was used as cooling system at flow rate of 40 mL/min and DSC was operated at a heating rate of 
10oC/min.  Three independent runs were performed using reported experimental procedure [18-19]. 
     
Measured heat capacity of NEILs was compared with the existing theoretical model of the effective specific heat for a 
mixture [21]:  
 
                                                                                                                         (2) 
where,   ,  , and  are the heat capacity of NEIL, nanoparticles, and base IL respectively,  is 
the nanoparticles volume fraction. Measured heat capacity of ILs and NEILs at 25K interval from 298K to 548K show that 
inclusion of NEILs has enhanced the heat capacity is by ~23%, whereas the model always predicts lower heat capacity 
(Table1). The significant enhancement of heat capacity of NEILs cannot be predicted by the model and more sophisticated 
investigations will be required to explain these enhancements. Meanwhile, similar enhancement (~26%) of heat capacity 
with a small amount of nanoparticles was observed earlier where synthesized silica nanofluids from lithium carbonate and 
potassium carbonate (62:38 ratio), and alkali chloride salt eutectic with SiO2 nanoparticles (1% by wt.) were used [18-19]. 
This increment in heat capacity of NEILs is important for their potential applications as a HTF for CSP system. 
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    Table 1. Comparison of heat capacity of base ILs (measured) and NEILs (measured and predicted)  
 
  
Temperature, K 
Heat capacity (J/g.K) 
Measured [C4mim][NTf2]+1%Al2O3 [C4mpyrr][NTf2]+1%Al2O3 
[C4mim][NTf2] [C4mpyrr][NTf2] Measured Predicted Measured Predicted 
298.15 1.746 1.536 2.147 1.742 1.899 1.533 
323.15 1.74 1.644 2.312 1.736 2.072 1.641 
348.15 1.775 1.727 2.396 1.771 2.184 1.724 
373.15 1.809 1.801 2.454 1.805 2.262 1.797 
398.15 1.846 1.862 2.515 1.842 2.322 1.858 
423.15 1.898 1.921 2.583 1.894 2.382 1.917 
448.15 1.952 1.983 2.648 1.947 2.441 1.979 
473.15 1.99 2.045 2.701 1.985 2.501 2.040 
498.15 2.036 2.097 2.746 2.031 2.557 2.092 
523.15 2.091 2.144 2.776 2.086 2.604 2.139 
548.15 2.163 2.188 2.799 2.158 2.643 2.183 
 
3.3. Enhanced heat transfer performance 
        To explore the applicability of NEILs as a potential HTF in CSP system, heat transfer performance was investigated 
for [C4mim][NTf2]+1%Al2O3 based NEILs. In the present study, heat transfer performances were carried out under forced 
convection in a circular tube with an inner diameter of 3.86 mm in the laminar flow region. The flow loop (Fig. 2) consisted 
of a pump, test section, heat exchanger, collection tank, and pressure transducer. The pump was connected to a frequency 
inverter which was calibrated for the pump using a stopwatch and bucket method.  Uniform heat flux was applied to the test 
section using a flexible heating tape (OMEGA Engg. FGS101-040).  Power was supplied to the heater using a DC power 
(Agilent Technologies: 6655A) supply. To reduce the heat loss to the ambient and to ensure constant heat flux condition, the 
entire test section was insulated with fiber glass insulation. Five thermocouples were mounted on the tube surface to 
measure surface temperature. Another two thermocouples were inserted into the tube to measure inlet and outlet liquid 
temperatures. All thermocouples and pressure transducer were connected to a National Instrument (NI) data acquisition 
system cDAQ-9178 via a temperature card NI 9211 and pressure card NI 9203 which were interfaced with a computer. 
Labview software was used for recording all data.  
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Schematic of the forced convection experimental setup 
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Figure 3 shows the local heat transfer coefficient of the 1 % NEIL and base IL as a function of axial distance for , 
where  is the dimensioless Reynolds number. It is clear from Fig. 3 that the NEIL has higher heat transfer coefficient 
than base IL. Possible reason of this enhancement most probably the mixing effect of particles near the wall, thermal 
conductivity enhancement, particle migration, and reduction of boundary layer thickness. This enhancement of heat transfer 
coefficient of NEIL indicates that the NEIL will perform better as HTF compare to base IL. 
 
 
 Fig. 3. Local heat transfer coefficient along the axial distance,  
4. Conclusions 
      In this study,  the thermal conductivity and heat capacity of base ILs and NEILs made of 1-butyl-3-methylimidazolium 
bis{(trifluoromethyl)sulfonyl}imide ([C4mim][NTf2]) and N-butyl-N-methylpyrrolidinium bis{trifluoromethyl) sulfonyl} 
imide ([C4mpyrr][NTf2]) and 1% Al2O3 are measured. The results show that the thermal conductivity is enhanced by ~6% 
(for [C4mim][NTf2]) and ~5% (for [C4mpyrr][NTf2]) over the measured temperature range and heat capacity is enhanced by 
~23% over the measured temperature range. Moreover, heat transfer coefficient is increased by ~20%. These preliminary 
findings are favourable to consider NEILs as a potential HTF in solar collector.  
.   
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